estimations are based on the back electromotive force (BEMF) method in Sensorl-ess con-trailer the afl-stator reference frame. Two estimation strategies, one using the steady-state equations and the other using the dynamic equations, are speed com,a Speed compared. Extensive simulation results are given and discussed. controllecontrollerl
II. SPEED AND CURRENT CONTROLLER
the drawback of differential and integral operations in conventional sensorless PMSM drives a recursive approach for estimation of the rotor Fig. 1 shows a schematic diagram of the proposed sensorless speed and angle is proposed and investigated. The position and speed PMSM drive.
estimations are based on the back electromotive force (BEMF) method in Sensorl-ess Fig. 2 , a proportional-and-integral (PI) speed proper control of the inverter switches. The presence of the controller is implemented to regulate the rotor speed by rotor position sensor (which is a delicate and fragile device) comparing the reference speed with the estimated speed. The impairs the reliability of the drive system increases the system PI controller delivers an output current reference iq*, while the cost significantly. If the rotor position can be accurately direct current reference id* is set to zero in normal operation to determined without using a sensor, a low-cost, high obtain the maximum torque-to-current ratio. At startup and low performance motor drive capable can be produced. In some speeds, Id* is used to provide bumpless speed change as applications, such a sensorless motor drive system may be the described in Section IV. only option, notable examples being electric vehicle and
The current controller (Fig. 3) 
Instead of using the measured phase voltages, the reference voltages are used as estimator input. This will improve the ia sin(O) (10) drive robustness to noise and filtering can be omitted. This approximation is not effective at low speeds because of the Supposing stator current magntude S constant at steady dead times and voltage drop of the inverter bridge. This will state, derivatives of (9) and (10) where P is the number of pole-pairs of the PMSM.
'a -'A Substituting (9) to (12) and (10) (14) to (3) and (15) to (4), respectively,
The dynamic model can be written as
e=2-PiA(i,gycosOS-i i )(5 2~~~~~~~~~~~~~B ased on the above equations, the rotor angle may be estimated from stator voltage and current as follows: (25) and (26)) and a PI s dt compensator. The back EMF is unmodeled but will be dif inherently estimated by the PI compensator.
Under this condition, the rotor angle can not be estimated 2 from the stator voltages and currents. Strong PI compensation gives a more accurate estimation and increases the bandwidth, but will also introduce more noise.
The 
O=tanlKeJ+ff yFig. 9 Adaptive filtering of estimated position.
-eA
This problem also appears in many observers in which the H= -J
currents or their derivatives are used. The estimated position 1+rs I+ (r)2 and speed must be corrected for the undetectability between (0, w) and (0+(2k+1)2t, -w).
The speed direction will be estimated according to Fig. 7 . O =arctan(cr) (34) The phase difference is used to create an adaptive speed
The hasediffrene isusedto ceat an daptve seed where Of is the phase delay of the low pass filter. From (34) it estimator which will track the speed signal. The argument w een is the phase delaydofthelfier.eFrom () arg(exp(*u)) in Fig. 7 Fig. 11 shows the MVATLAB simulation results ofthe estimator based on (19) and (22). The real position and speed are applied to the controllers in the control structure as described in Section II. Fig. 10 shows the result of a no-load drive cycle comprising an acceleration from 0 to 150 rad/s, There is a steady-state error of 0.1% in the speed estimation. followed by a deceleration to 100 rad/s and then a further Part of the error is attributed to the applied low pass speed filter, deceleration to 10 rad/s. The gain settings for the PI speed which will cause some phase lag at high frequencies. controller are KP = 0.2 and KI = i. I s.
The results in Fig. 1O and Fig. 11 show that the estimation ies] Fig. 14 [ 
